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(54) Charged particle irradiation apparatus and operating method thereof 



(57) A charged particle inradiation apparatus, which 
is capable of decreasing a lateral dose falloff at bourxi- 
aries of irradiation field of charged particle beam, and 
reducing the size of the charged particle irradiation 
apparatus, is provided by controlling nnagnetic fields of 
quadrupole electronnagnets 1-5 and deflection electro- 



magnets 6^ so that center of the charged particle beam 
passes always center of a scatterer irrespective of 
direction and irrtensity of a magnetic field generated by 
scanning electromagnets 50, 60. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

The present Invention relates to a charged particle s 
irradiation apparatus for irradiating irradiation targets 
with charged particles. The charged partide irradiation 
apparatus is applied for various purposes such as renrv 
edies of cancer, sterilization of foods, improved breed- 
ing of plants, nondestructive inspection of machine 
structures, and others. 

In accordance with a conventional charged particle 
irradiation apparatus, a charged particle beam has been 
enlarged by a scatterer and the like in order to obtain a 
wide irradiation area, of which dose dSstribution is uni- 
form. For exanple, in order to remedy a cancer by irra- 
diation with protons, heavy particles, and the like, it is 
necessary to enlarge the charged particle becim having 
an energy of approximately 230 MeV at maximum up to 
approximately 20 cm in diameter in a case of protons. 
Then, the enlarged charged partide beam is formed in 
a shape of the irradiation target, an affected part, by a 
collimator. Subsequently, the affected part is irradiated 
with the charged partide beam. 

The Japanese Utility Model Publication No. Hei 5- 
40479 (1993) taught a method that by employing a 
Wobbler method of scanning the charged partide beam 
with two units of deflection magnet, the charged partide 
beam is enlarged by passing through a scatterer, which 
is provided in the upstream or the downstream of the 
two units of deflection magnet. 

However, in accordance with the prior art, both the 
two units of the deflection electromagnet were arranged 
inside the irradiation apparatus, which had caused a 
problem of increasing the size of the irradiation appara- 
tus. The increase in size of the irradiation apparatus 
necessitates a larger rotation radius of the rotation gan- 
try, which makes the whole devices larger, and causes 
a problem of an inaease in construction cost. 

The Wobbler method shows a property that the 
longer the distance between a focus position of the 
Wobbler's deflection electromagnet and a position of 
the scatterer gets, the wider the lateral dose fatloff (haJf- 
shadow blur ) of the shape of the charged partide beam 
formed by the collimator becomes. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is to pro- 
vide a charged partide irradiation apparatus, which is 
decreased in size by restraining the lateral dose falloff. 

One of characteristics of the present invention to 
achieve the above object is that the charged particle 
beam passes through a substantially same passing 
point in the scatterer irrespective of intensity of a mag- 
netic field generated by scanning magnets. 

The diaracteristics leads to the following effects: 
because the charged particle beam scanned by the 



scanning magnets passes through the single passing 
point irrespective of the intensity of the magnetic field 
generated by the scanning magnets, the passing point 
can be regarded as a focus position achieved by the 
scanning nrtagnets. Because the focus position locates 
near the scatterer, the distance between the focus posi- 
tion and the scatterer position is short, and the lateral 
dose falloff caused tiy the scanning magnets can be 
decreased. The shorter the distance between the focus 
position and the scatterer position is, the narrower the 
lateral dose falloff becomes. If the focus posttfon lies 
within the scatterer, the lateral dose falloff becomes 
even narrower. If the focus position lies in the center of 
the scatters thickness, the lateral dose falfoff becomes 
the minimum. Therefore, an irradiation with a precisely 
target-shaped charged particle beam becomes possi- 
ble. 

In the above case, if the scanning magnets are 
arranged in the upstream of the charged partide beam 
apparatus, the size of the charged particle beam appa- 
ratus can be decreased. 

Furthermore, if a phase of betatron osdilation of the 
charged partide beam at tiie scanning magnets 
arranged in the upstream of the scatterer differs from 
the phase of the betatron osdilation of the charged par- 
tide beam at the scatterer by approximately 180 
degrees or an integral multiple of 180 degrees, the 
center of the charged partide beam at the scatterer 
locates at a position corresporxling to a node of the 
betati'on oscillation. Therefore, the charged particle 
beam passes through an approximately same passing 
point irrespective of the intensity of the magnetic field 
generated by the scanning magnets, and the lateral 
dose fatloff can be decreased. 

One of the other characteristics of the present 
invention is the arrangement of the scatterer at approxi- 
mately middle of two scanning magnets, each of which 
scans the charged partide beam in a same direction. A 
focus point of the deflection is formed at a middle of two 
scanning electromagnets by arranging the two scanning 
electromagnets in pareillel each other in a transmitting 
direction of the charged particle beam. Then, if a scat- 
terer is arranged at the focus point of the deflection 
formed by the two scanning electromagnets, the 
charged particle beam passes through always an 
approximately same passing point in the scatterer. In 
this case, the diarged partide beam passes through 
the approximately same passing point irrespective of 
the intensity of the magnetic field generated by the 
scanning magnets, and the lateral dose falloff can be 
decreased. 

One of the other characteristics of the present 
invention is in detecting the movement of a target by a 
movement detector and controlling a supply and a turn- 
off of the charged partide beam to the charged particle 
irradiation apparatus by a controller based on the 
detected movement of the target. In accordance with 
the above characteristics, the lateral dose fall ft can be 
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restrained even when the target moves, and the iradia- 
tion with a precisely target-shaped charged partial 
beam can be performed in correspondence with the 
movement o1 the target. 

One of the other characteristics of the present 
invention is in that a compensator fits a range of the 
charged particle beam into a shape of a tower part of 
the target, a range shifter changes the energy of the 
charged particle beam to adjust the range, and a multi- 
leaf collimator variably modifies the shape of the 
charged particle beam. In accordance with the above 
characteristics, the lateral dose failoff can be restrained 
to an extremely narrow extent even when the target has 
a complicated three dimensional shape, and the whole 
target can be irradiated with a charged particle beam 
being precisely shaped in corresponding to variation in 
shape of the target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further objects and novel feature of 
the present invention will more fully appear from the fol- 
lowing detailed descr^tion when the same is read in 
connection with the accompanying drawings. It is to be 
expressly understood, however, that the drawings are 
for purpose of illustration only and are not intended as a 
definition of the limits of the invention. 

FIG. 1 rs a schematic perspective illustration of the 
charged particle irradiation apparatus according to 
the first embodiment of the present invention, 
FIG. 2 is a schematic illustration indicating power 
sources and control devices connected to each of 
the electromagnets of the charged particle irradia- 
tion apparatus according to the first embodiment of 
the present invention, 

FIG. 3 is a schematic illustration for explaining the 
center position of the beam on the xz plane of the 
charged particle irradiation apparatus according to 
the first embodiment of the present invention. 
FIG. 4 is a schematic illustration for explaining the 
center position of the beam on the yz plane of the 
charged particle irradiation apparatus according to 
the first emtxxiiment of the present invention. 
FIG. 5 is a schematic illustration incficating a beam 
intensity distribution of the charged particle irradia- 
tion apparatus according to the first emtxxiiment of 
the present invention, 

FIG. 6 is a schematic illustration of another charged 
partide irradiation apparatus according to the first 
enrtiodiment of the present invention. 
FIG. 7 is a schematic illustration of the charged par- 
ticle irradiation apparatus according to the second 
embodiment of the present invention. 
FIG. 8 is a schematic illustration of the charged par- 
ticle irradiation apparatus according to the third 
enrt}odiment of the present invention. 
FIG. 9 is a schennatic illustration of the charged par- 



ticle irradiation apparatus according to the fourth 
embodiment of the present invention, and 
FIG. 10 is a schematic illustration of the charged 
particle irradiation apparatus according to the fifth 
5 embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10 Details of the present invention is explained herein- 
after using the preferred embodiments. 

(Embodiment 1) 

IS The charged particle irradiation apparatus accord- 
ing to the first embodiment of the present invention is 
indicated in FIG. 1. The charged particle irradiation 
apparatus of the first emtxxjiment is a rotation type irra- 
diation apparatus which is able to rotate around a bed 

20 for patient 70. 

A charged particle beam 9 supplied from an accel- 
erator, or the like, is transported using quadrille 1-5 
and deflection electromagnets 6-8 to an irradiation noz- 
zle 100 which is arranged in the downstream of the 

25 deflection electromagnet 8. The deflection electromag- 
nets 6-8 deflect the charged particle beam in a same 
plane (xz plane). Hereinafter, the planes, wherein the 
deflection electromagnets 6-8 deflect the charged parti- 
de beam, are called deflection planes of the deflection 

30 electromagnet 

A scanning electromagnet 50 for scanning the 
charged partrde beam is set between the quadrupole 
electromagnet 3 and the quadrupole electromagnet 4. A 
scanning electromagnet 60 is an^anged in the upstream 

35 of the deflection electromagnet 6. The scanning electro- 
magnet 50 generates a magnetic field in a direction (y 
direction) perpendicular to the deflection plane of the 
deflection nr^gnet in order to scan the beam in the 
deflection plane (xz plane) of the deflection magnet 

40 The scanning electromagnet 60 generates a magnetic 
field in a direction parallel to the deflection plane and 
perpencficular to the magnetic field (z direction) gener- 
ated by the scanning electromagnet 50 in order to scan 
the beam in a direction perpendicular to the deflection 

45 plane (y direction) of the deflection magnet. 

The power sources connected to each of the elec- 
tromagnets are indicated in PIG. 2. Each of the power 
sources 11-15 for quadrupole electromagnets is con- 
nected to each of the quadrupole electromagnets 1-5. 

so respectively Each of the power sources 16-18 for the 
deflection electromagnets is connected to each of the 
deflection electromagnets 6-8. respectively. Each of the 
power sources 51 , 61 is connected to each of the scan- 
ning electromagnets 50, 60. respectively. Each of the 

55 power sources 11-18, 51 , and 61 supplies electric cur- 
rent to each of the quadrupole electromagnets 1-5, 
each of the deflection electromagnets 6-8, and each of 
the scanning electromagnets 50 and 60 in accordance 
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with signals from the controller 10, and generates the 
magnetic field. 

The irradiation nozzle 100 is equipped with a beam 
position monitor 30 for detecting the position of the 
charged particle beam, a scatterer 20 for scatterering 
the charged particle beam in order to enlarge the irradi- 
ation area, and a profile monitor 40 for detecting the 
shape of the charged particle beam. The beam position 
monitor 30 is an^anged in the upstream of the scatterer 
20. and the profile monitor 40 is set in the downstream 
of the scatterer 20. 

The scatterer is set on a turntable 21 . A plurality of 
the scatterers 20 having different scatterering degrees 
each from others are set on the turntable 21 . The scat- 
terers 20 are interchangeable by operating a turntable 
driving apparatus 22 biased on signals from the control- 
ler 10. 

The central position of the charged particle beam 
passing through each of the quadrupole electromag- 
nets. 1 -5. the deflection electromagnets G-8. the scan- 
ning electromagnets 50. 60. and the beam position 
monitor 30 are explained hereinafter. 

FiQ. 3 indicates schematically the central position 
of the charged particle beam on the xz plane, that is, the 
deflection plane of the deflection electromagnet. 

When the scanning electromagnet 50 generates a 
magnetic field in a direction perpendicular to the deflec- 
tion plane of the deflection electromagnet, that is y 
direction, the charged particle beam is transmitted with 
betatron oscillation in the downstream of the scanning 
electromagnet 50. Accordingly, an ofbttal gradient of the 
charged particle beam on the xz plane is varied. 

In accordance with the present embodiment each 
of the power sources 14, 15, and the power sources 1 7, 
18. for each of the quadrupole electromagnets 4, 5, and 
the deflection electromagnets 7, 8. arranged in the 
downstream of the scanning electromagnet 50. are con- 
trolled by the controller 10 so that the center of the 
charged particle beam passes through approximately 
the center of the scatterer 20. The controls of the power 
sources 14. 15, and the power sources 17. 18. are per- 
formed based on a previously calculated relationship 
between exciting intensities of respective electromag- 
nets and the central positions of the charged particle 
beam. Othenmse, the power sources 1 1-18 can also be 
controlled based on the central position of the charged 
particle beam, which has been measured by the beam 
position monitor 30. 

Since the center of ttie charged particle beam 
passes through the central position of tiie scatterer 20. 
the phase difference in the betatron oscillation of the 
charged particle beam between the scanning electro- 
magnet 50 and the scatterer 20 is approximately 1 80 
degrees, or an integral multiple of 180 degrees. If the 
center of the charged particle beam is maintained to 
pass approximately the central position of the scatterer 
20 with the magnetic field generated by the quadrupole 
electromagnets 4, 5, and the deflection electromagnets 



7, 8. the scanning electromagnet 50 and the scatterer 
20 are located at positions corresponding t "nodes** in 
the betatron oscillation of the charged particle beam. 
Accordingly, the center of the charged particle beam 
5 always passes through the central position of the scat- 
terer 20 irrespective of direction and intensity of the 
magnetic field generated by tiie scanning electromag- 
net 50. 

FIG. 4 indicates schematically the central position 

10 of the charged particle beam on a plane perpendicular 
to the deflection plane of the deflection electromagnet, 
that is, on the yz plane. 

When the scanning electromagnet 60 generates a 
magnetic field which is in parallel to the deflection plane 

15 and perpendicular to the magnetic field generated by 
the scanning electromagnet 50, the charged psulicle 
beam is transmitted with the betatron oscillation p^- 
perKlicutar to the deflection plane in tiie downstream of 
the scanning electromagnet 60. 

20 As same as the case of deflection plane of the 
deflection electromagnet explained previously, the mag- 
netic fields of the quadrupole electromagnets 1-5 and 
the deflection electromagnets 6-8 are controlled so that 
the center of the charged partide beam always passes 

25 tiirough the central position of the scatterer 20 inrespec- 
tive of direction and intensity of the magnetic field gen- 
erated by the scanning electromagnet 60. 

The direction of the beam scanning at the patient 
position is determined by the phase difference in the 

30 betatron oscillation between the elecb^omagnets for 
charged partide beam scanning and the patient posi- 
tion. In the present embodiment, the phase differences 
in the betatron oscillation between the respective of the 
scanning electromagnets 50, 60 and the scatterer 20 

35 are both 180 degrees, and the charged particle beam 
passing tiirough the scatterer 20 is transmitted linearly 
to the patient position. Therefore, the direction of the 
scanning at the patient position is opposite to the direc- 
tion whereto the orbital gradient of the charged particle 

40 beam is changed by the scanning electromagnets 50 
and 60. 

In accordance with the present embodiment, the 
power sources 51, 61 are controlled so that the current 
is supplied to the coils of the scanning electromagnets 

45 50, 60 as sinusoidal wave with approximately 90 
degrees in the phase difference. The amplitude of tine 
current is controlled so that each of the maximum val- 
ues in tiie orbital gradient of the charged partide beam 
at the scatterer 20 of the respective of the scanning 

so electromagnets becomes equal each other. When the 
above described current is supplied to the scanning 
eledromagnets 50 arxj 60, the center of the charged 
particle beam draws a circular arc at the patient posi- 
tion. 

55 The control of the power sources 51. 61. is per- 
formed based on a relationship between the exciting 
intensities of the respective electromagnets and a 
shape drawn by the center of the charged particle 
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beam, which has been previously calculated. Other- 
wise, the power sources 11-18 can also be controlled 
based on the shape drawn by the center of the charged 
particle beam, which has been measured by the beam 
profile monitor 40. 

The intensity distribution of the charged particle 
beam inradiated by the charged particle irradiation 
apparatus relating to the present invention is explained 
hereinafter referring to FIG. 5. 

The intensity of the charged particle beam passed 
through the scatterer 20 has a Gaussian distribution. 

When the charged particle beam is scanned into a 
circular shape with the scanning electromagnets 50. 60. 
the intensity of the charged particle beam becomes uni- 
form over the most of inner area of the circle drawn by 
the center of the charged particle beam. An area 
adjusted to the shape of the affected part is cut out from 
the uniform intensity area by the collimator 90, and the 
affected part is irracfiated with the beam which passes 
through the cut out area. The collimator 90 can be a 
multi-leaf collimator which is able to change the irradia- 
tion range during a therapy irradiation process. 

If the center position of the charged particle beam 
moves when the charged particle beam passes through 
the scatterer 20, even when the collimator 90 cut out the 
area of the uniform intensity charged particle beam in 
the shape of the affected part, the irradiation dose does 
not decrease rapidly at the boundary of the affected 
part, and the lateral dose falloff is generated. 

However, in accordance with the present embodi- 
ment because the central position of the charged parti- 
cle beam passing through the scatterer 20 does not 
move, the intensity of the charged particle beam 
decreases stepwise at the boundary of the affected 
part and the lateral dose falloff can be decreased. 

Furthermore, the size of the charged particle beam 
apparatus can be decreased, because the electromag- 
nets for beam scanning are arranged in the upstream of 
the charged particle beam apparatus. 

A wider irradiation field is required depencfing on 
how wide the affected part is. In order to enlarge the 
irradiation field, the scatterering is broadened by 
increasing the thickness of the scatterer. or any other 
means, and the current in the beam scanning electro- 
magnet is increased. In accordance with the present 
ennbodiment, the electromagnets are used for the 
charged particle beam scanning. However, a rotational 
magnetic field can be generated by rotating a perma- 
nent magnet. 

Furthermore, as indicated in FIQ. 6, the deflection 
magnet is composed of two deflection magnets 6, 7. 
arKi the scanning electronfiagnet 50 can be arranged in 
the upstream of the deflection electromagnet 7. 

In the above explanation, a case when the charged 
partide beam is scanned in a circular shape was 
desaibed. However, the same advantages can be 
achieved even in a case when the beam is scanned lin- 
early, and a case when the beam is irradiated in a 



standstill, the irradiation position is changed during 
stopping the irradiation, and the irradiati n is resumed 
after changing the irradiation position. 

5 (Embodiment 2) 

The second emtx)diment of the charged particle 
irradiation apparatus relating to the present invention is 
indicated in FIG. 7. In accordance with the first embodi- 

10 ment the scanning electromagnet 60 was arranged in 
the upstream of the deflection electromagnet 6. How- 
ever, in the present embodiment, the scanning electro- 
magnet 60 was arranged in the downstream of the 
scatterer 20 in the irradiation nozzle 100. As same as 

15 the first embodiment 1. the power source 61. which is 
controlled by the controller 10, is connected to the scan- 
ning electromagnet 60 (refer to FIG. 2). 

In accordance with the present enobodiment. the 
lateral dose falloff can be decreased because the center 

20 Of the charged particle beam passes always the center 
of the scatterer 20 irrespective of direction and intensity 
of the magnetic field generated by the scanning electro- 
magnet 50, as same as the first embodiment relating to 
the direction in parallel to the deflection plane of the 

25 deflection electromagnet. Furthermore, it is as same as 
the first embodiment that the controller 10 controls 
respective of the power sources 14. 15, 17. and 18 of 
quadrupole electromagnets 4,5, and the deflection elec- 
tromagnets 7, 8, so that the center of the charged parli- 

30 de beam passes through approximately the center of 
the scatterer 20. However, in accordance with the 
present embodiment, it is rv3it necessary to consider the 
phase difference of the betatron osdllation between the 
scanning electromagnet 60 and the scatterer 20. There- 

35 fore, the control becomes simpler than the first embodi- 
ment 

The scatterer 20 is able to be positioned at down- 
stream side of the scanning electromagnets 50. In the 
case, it is possible to perform the same effects as above 
40 by controlling the power sources 14. 15. 17 and 18 of 
the quadrapole electromagnets 4,5, and deflection elec- 
tromagnets 7 and 8 and allowing the center of the 
charged partide beam to passes through approximately 
the center of the scatterer 20. 

45 

(Ennbodiment 3) 

The third embodiment of the charged partide inradi- 
ation apparatus relating to the present invention is indi- 

50 Gated in FIG. 8. The present embodiment uses the 
charged particle irradiation apparatus of the first 
embodiment, a breathing sensor 71 for detecting 
breathing of a patient, and a controller 72 for determin- 
ing the breathing pattern in accordance with the 

55 detected breathing of the patient to control a supply and 
a turn-off of the charged partide beam to the charged 
partide irradiation apparatus. 

When the patient breathes, an affected part of the 
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patient moves with the breathing. The charged particle 
irradiation apparatus of the present embodiment per- 
f rnos the irradiation when the affected part is standstill, 
i. . when the patient breathes in or breathes out, in 
accordance with controlling by the controller 72. There- 
fore, even when the target moves in accordance with 
breathing, the lateral dose falloff can be restrained to an 
extremely narrow extent, arxi the target can be irradi- 
ated with a precisely target-shaped charged particle 
beam. 

In the present embodiment, the case when the 
patient is irradiated with the charged particle beam in 
synchronization with the breathing of the patient was 
explained. However, when the target moves, It is possi- 
ble to control ON or OFF of the inadiation in corre- 
spondence with the movement if a means for detecting 
the movement is used. 

(Embodiment 4) 

The fourth embodiment of the charged particle irra- 
diation apparatus relating to the present invention is 
indicated in FIG. 9. The present embodiment uses the 
charged particle irradiation apparatus of the first 
embodiment, a patient compensator 81 for adjusting a 
range of the charged particle beam to a shape of a 
lower part of the affected part, and a range shifter 
(range adjustment device) 80 for changing energy and 
the range of the charged particle beam. Further, instead 
of the collimator used in the first embodiment, a multi- 
leaf collimator 91 , which is capable of varying the shape 
of cutting the charged particle beam, is used. Regularly, 
the affected part is three<limensional. and rts shape dif- 
fers depending on the depth. 

When scanning with the charged particle beam in 
the depth direction, the mutti-teaf collimator 91 varies 
the shape, in which the charged particle beam is cut 
out, corresponding to the variation of the shape. 
Accordingly, even when the target is a complicated 
three-dimensional object, the multi-leaf collimator 91 
varies its shape, and the lateral dose falloff can be 
restrained to an extremely narrow extent. Furthermore, 
the whole target can be irradiated with a precisely tar- 
get-shaped charged particle beam. 

(Emtxxliment 5) 

The fifth embodiment of the charged particle irradi- 
ation apparatus relating to the present invention is indi- 
cated in FIQ. 10. The present emtxxliment uses two 
scanning electromagnets 60 and 62. In the first emtxxl- 
iment. the scanning electromagnet 60 for scanning in a 
direction perpendicular to the deflection plane of the 
deflection magnet was arranged in the upstream of the 
deflection electromagnet 6. However, in accordance 
with the present embodiment, the scanning electromag- 
nets 60, 62 are arranged in the inradiation nozzle 100. 
The scanning electronr\agnet 60 is arranged in the 



upstream of the scatterer 20. and the scanning electi-o- 
magnet 62 is arranged in the downstream of the scat- 
terer 20. The power source 61 is connected to the 
scanning electromagnets 60. 62 as same as the first 

5 embodiment. 

A focus of deflection of the two scanning electro- 
magnets is located at approximately the middle of the 
respective scanning electromagnets. Therefore, the 
focus of deflection can be formed at the middle point 

10 between the two scanning electromagnets 60, 62 by 
arranging the two scanning electromagnets 60, 62 in 
parallel. When tiie scatterer 20 is placed at the focus 
position of deflection formed by the two scanning elec- 
tromagnets 60, 62, the center of the charged particle 

15 beam passes always the center of the scatterer 20. 
Accordingly, the center of the charged particle beam 
passes always tiie center of the scatterer 20 irrespec- 
tive of direction and intensity of the magnetic field gen- 
erated by the scanning electromagnets 50, 60, avd 62, 

20 the lateral dose falloff can be decreased as same as the 
first embodiment. 

In the present embodiment, it is as same as the f orst 
embodiment that the controller 1 0 controls respective of 
the power sources 14, 15. and 17. 18 of quadrupole 

25 electromagnets 4.5, and the deflection electromagnets 
7, 8. so that the center of the charged particle beam 
passes through approximately the center of the scat- 
terer 20. However, in accordance with the present 
embodiment, it is not necessary to conskJer the phase 

30 difference of the betatron oscillation between the scan- 
ning electromagnets 60. 62 and the scatterer 20. There- 
fore, the control becomes sin^ter than the first 
enrt}odiment. 

In accordance with the present invention, the 

35 charged partide beam passes through a sut>stBntially 
same point near tiie scatterer irrespective of the inten- 
sity of the magnetic field. Therefore, since a distance 
between the focus position formed by the scanning 
magnet and the scatterer position is small, the lateral 

4o dose falloff caused by the scanning nmgnet can be 
decreased, and the irracfiation can be performed with a 
precisely target-shaped charged particle t)eam. 

In the above case, if the scanning magnet is 
an'anged in the upstream of the charged partide beam 

45 apparatus, the size of the cfiarged particle beam appa- 
ratus can be decreased. 

Furthermore^ in accordance with detecting the 
movement of a target by a movement detector and con- 
ti'olling a supply and a turn-off of the charged particle 

50 beam to the charged particle irradiation apparatus by a 
controller based on the detected movement of the tar- 
get, the lateral dose falloff can be restrained even when 
the target moves, and the irradiation with a precisely tar- 
get-shaped charged particle beam can be performed in 

55 correspondence with the movement of the target. 

In accordance with fitting a range of the charged 
particle beam into a shape of a lower part of the target 
with a compensator (compensator), adjusting the range 
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by changing the energy o1 the charged particle beam by 
a range shifter, and variably modifying the shape of the 
charged particle beam by a multi-leaf collimator th lat- 
eral dose falloff can be restrained to an extremely nar- 
row extent even when the target has a complicated 5 
three dimensional shape, arvJ the whole target can be 
irradiated with a charged particle beam being precisely 
shaped in corresporxJing to variation in shape of the tar- 
get. 

A compensator fits a range of the charged particle 10 
beam into a shape of a lower part of the target a range 
shifter changes the energy of the charged particle beam 
to adjust the transmitting range, and a multi-leaf collima- 
tor variably modifies the shape of the charged particle 
beam. In accordance with the characteristics. The lat- is 
eral dose falloff can be restrained to an extremely nar- 
row extent even when the target has a complicated 
three dimensional shape, and the whole target can be 
irradiated with a charged particle beam being precisely 
shaped in corresponding with variation in shape of the 20 
target. 

Claims 

1. A charged particle irradiation apparatus compris- 25 
ing: 



2. A charged partide irradiation apparatus compris- 
ing: 45 



a controller for controlling an exciting magni- 
tude of said quadrupole electromagnet s that 
said charged particle b am passes through 
substantially a same point in said scatterer irre- 
spective of an intensity of a magnetic field gen- 
erated by said scanning magnet. 

3. A charged particle irradiation apparatus compris- 
ing: 

a scanning magnet for scanning a charged F>ar- 
ticle beam. 

a scatterer for scatterering said charged parti- 
cle beam, which has been scanned by said 
scanning magnet, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer, form a shape of irradiation target, 
wherein: 

said charged particle beam formed by said col- 
limator is irradiated to said irradiation target 
further wherein: 

a difference between the phase in betatron 
oscillation of said charged particle beam at 
said scanning magnet cuxl the phase in beta- 
tron oscillation of said charged particle beam at 
said scatterer is approximately 180 degrees, or 
approximately an integral nuiltiple of 180 
degrees. 

4. A charged particle irradiation apparatus compris- 
ing: 

a quadrupole electromagnet, 
a scanning magnet for scanning a charged par- 
ticle beam, 

a scatterer for scatterering said charged parti- 
cle beam, which has been scanned by said 
scanning magnet, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer, form a shape of irradiation target, 
wherein: 

said charged particle beam formed by said col- 
limator is irradiated to said irradiation target, 
further comprises: 

a controller for controlling an exciting magni- 
tude of said quadrupole electromagnet so that 
a difference between the phase in betatron 
oscillation of said charged particle beam at 
said scanning magnet and the phase In beta- 
tron oscillation of said charged particle beam at 
said scatterer becomes approximately 180 
degrees, or approximately an integral multiple 
of 180 degrees. 

5. A charged particle irradiation apparatus compris- 
ing: 



a quadrupole electromagnet, 
a scanning magnet for scanning a charged par- 
ticle beam, 

a scatterer for scatterering said charged parti- so 
cle beam, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer, form a shape of irradiation target 
wherein: ss 
said charged particle beam formed by said col- 
limator is in^diated to said irradiation target 
further comprises: 



IS 



a scanning magnet for scanning a charged par- 
ticle beam, 

a scatterer for scatterering said charged parti- so 
cle beam, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer, form a shape of irradiation target 
wherein: 35 
said charged particle beam formed by said col- 
limator is irradiated to said irradiation target 
further wherein: 

said charged particle beam passes through 
substantially a same point in said scatterer irre- 40 
spective of an intensity of a magnetic field gen- 
erated by said scanning magnet. 
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a plurality of scanning magnets for scanning a 
charged particle beam, 

a scatterer for scatterering said charged parti- 
cle beam, and 

a collimator for making said charged particle s 
beam, which has been scatterered by said 
scatterer, form a shape of inadiatton target, 
wherein: 

said charged particle beam formed by said col- 
limator is irradiated to said in-adiation target. io 
further wherein: 

said scatterer is anranged at approximately 
middle point between two scanning magnets, 
which scan the charged particle beam in a 
same direction, among said plural scanning is 
magnets. 

6. A charged particle irradiation apparatus compris- 
ing: 

20 

a quadrupoie magnet. 

two scanning magnets for scanning a charged 
particle beam, which has been supplied from 
an accelerator for accelerating charged parti- 
cles, in a direction perpendicular to a transmit- 2S 
ting direction of said charged particle beam, 
a scatterer for scatterering said charged parti- 
cle beam, and 

a collimator for making said charged particle 
beam, which has been scatterered by said so 
scatterer. to form a shape of irradiation target, 
wherein: 

said charged particle beam formed by said col- 
limator is irradiated to said irradiation target, 
further wherein: 3s 
said two scanning magnets are mutually per- 
pendicular in a direction to scan said charged 
particle beam, and 

at least one of said two scanning magnets is 
ananged in the stream of said scatterer, further 4o 
comprises; 

a controller for controlling an exciting magni- 
tude of said quadrupoie electromagnet so that 
a difference between the phase in betatron 
oscillation of said charged particle beam at 4s 
said scanning magnet, which has been 
arranged in the upstream of said scatterer, and 
the phase in betatron oscillation of said 
charged particle beam at said scatterer 
becomes approximately 180 degrees, or so 
approximately an integral multiple of 180 
degrees. 

7. A charged particle irradiation apparatus as claimed 

in daim 6, further comprises: ss 

a movement detector for detecting movement 
of said irradiation target, and 



a supply controller for controlling a supply and 
a turn-off of the charged particle beam from 
said accelerator based on the detected move- 
ment of the target. 

8. A charged particle irradiation apparatus as claimed 
in claim 6. further comprises: 

a compensator for fitting a range of the charged 
particle beam into a shape of a lower part of the 
target, and 

a range shifter for changing the energy of the 
charged particle beam to adjust the transmit- 
ting range, wherein 

said collimator is a multi-leaf collimator which 
variably modifies the shape of the charged par- 
ticle beam. 

9. A method for operating a charged particle irracfia- 
tion apparatus comprising: 

a quadrupoie electromagnet, 
a scanning magnet for scanning a charged par- 
ticle beam, 

a scatterer for scatterering said charged parti- 
cle beam, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer. to form a shape of irradiation target, 
wheren: 

said charged particle beam formed by said col- 
limator is irradiated to said irradiation target, 
further wherein: 

an exciting magnitude of said quadrupoie elec- 
tromagnet is controlled so that said charged 
particle beam passes through substantially a 
same point in said scatterer irrespective of an 
intensity of a magnetic field generated by said 
scanning magnet. 

10. A method for operating a charged particle irradia- 
tion apparatus corrprising: 

a quadrupoie magnet 

a scanning magnet for scanning a charged par- 
ticle beam, 

a scatterer for scatterering said charged parti- 
cle beam, and 

a collimator for making said charged particle 
beam, which has been scatterered by said 
scatterer, to form a shape of inradiation target, 
wherein: 

said charged particle beam formed by said col- 
limator is irradiated to said irradiation target, 
further wherein: 

an exciting magnitude of said quadrupoie elec- 
tromagnet is controlled so that a difference 
between the phase in betatron oscillation of 
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said charged particle beam at said scanning 
magnet and the phase in betatron scillation of 
said charged particle beam at said scatterer 
becomes approximately 180 degrees, or 
approximately an integral multiple of 180 
degrees. 
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FIG. 2 
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FIG. 5 
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